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(54) Silicon single crystal wafer and method for producing silicon single crystal wafer 

(57) There is disclosed a silicon single crystal wafer 
produced by processing a silicon single crystal ingot 
grown by Czochralski method with doping nitrogen, 
characterized in that a size of grown-in defects in the sil- 
icon single crystal wafer is 70 nm or less, a silicon single 
crystal wafer produced by processing a silicon single 
crystal ingot grown by Czochralski method with doping 
nitrogen, the silicon single crystal ingot is grown with 
controlling a rate of cooling from 1 150 to 1080 °C to be 
2.3 °C/min or more, and a method for producing a sili- 
con single crystal wafer wherein a silicon single crystal 
ingot is grown with doping nitrogen and controlling a 
rate of cooling from 1 150 to 1080°C to be 2.3°C/min or 
more, and is then processed to provide a silicon single 
crystal wafer. 

The silicon single crystal wafer for device wherein 
growth of the crystal defects is suppressed can be pro- 
duced by CZ method in high productivity 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

[0001 ] The present invention relates to a silicon single 
crystal water wherein a size of crystal defect inside the 
crystal, called grown-in detect, is decreased to the 
smallest by doping nitrogen and optimizing a cooling 
rate, a nitrogen concentration and an oxygen concentra- 
tion when pulling a silicon single crystal by a Czochral- 
ski method (hereinafter referred to as "CZ method"), 
and a method for producing it. 

Description of the Related Art: 

[0002] As a wafer for fabrication of a device such as a 
semiconductor integrated circuit, a silicon single crystal 
wafer grown by a Czochralski method (CZ method) is 
mainly used. If crystal defects are present in such a sili- 
con single crystal wafer, pattern failure is caused when 
a semiconductor device is fabricated. Particularly, the 
pattern width of devices which is highly integrated in 
recent years is very fine as 0.3 or less. Accordingly, 
even small crystal defects as 0.1 may cause defects 
such as pattern failures in the device, and may remark- 
ably lower a yield and characteristics of the device. 
Accordingly, a size of the crystal defects in the silicon 
single crystal water have to be decreased as thoroughly 
as possible. 

[0003] Recently, it has been reported that the above- 
mentioned crystal detects called grown-in defect incor- 
porated during growth of the crystal are found in the sil- 
icon single crystal grown by CZ method by various 
measurement methods. For example, these crystal 
defects in a single crystal grown at a general growth rate 
in commercial production (for example, about 1 mm/min 
or more) can be detected as a pit by subjecting the sur- 
face of the crystal to preferential etching (Secco etch- 
ing) with Secco solution (a mixture of K 2 Cr 2 0 7l 
hydrofluoric acid and water) (See Japanese Patent 
Application Laid-open (kokai) No.4-1 92345). 
[0004] The main cause of generation of such a pit is 
considered to be a cluster of vacancies which are 
aggregated during manufacture of single crystal or an 
oxide precipitate which is an agglomerate of oxygen 
atoms getting in from a quartz crucible. When these 
crystal detects are present in the surface portion (at a 
depth of 0 to 5 ^m) in which a device is fabricated, they 
come to harmful defect to degrade characteristics of the 
device. Accordingly, it is desirable to reduce these crys- 
tal defects. 

[0005] For example, it is known that a concentration of 
the above-mentioned cluster of vacancies can be low- 
ered by decreasing a growth rate of the crystal 
extremely (for example, to 0.4 mm/min or less) (See 
Japanese Patent Application Laid-open (kokai) No.2- 



267195). However, adopting this method, there is gen- 
erated a crystal defect which is considered to be a dis- 
location loop formed as a result of new aggregation of 
excess interstitial silicon atoms, which may degrade 

5 characteristics of a device significantly. Accordingly, the 
problem cannot be solved by the method. Furthermore, 
productivity of the single crystal and cost performance 
are extremely decreased in the method, since the 
growth rate of the crystal is decreased from about 1 .0 

ic mm/mm as usual or more to 0.4 mm/min or less. 

SUMMARY OF THE INVENTION 

[0006] The present invention has been accomplished 
is to solve the above-mentioned problems, and the prime 
object of the present invention is to provide in high pro- 
ductivity by CZ method a silicon single crystal wafer for 
a device wherein formation of crystal defects is sup- 
pressed. 

20 [0007] To achieve the above object, the present inven- 
tion provides a silicon single crystal water produced by 
processing a silicon single crystal ingot grown by Czo- 
chralski method with doping nitrogen, characterized in 
that a size of grown-in defects in the silicon single crys- 

25 tal wafer is 70 nm or less. 

[0008] As described above, when the silicon single 
crystal wafer is produced by processing a silicon single 
crystal ingot grown by Czochralski method with doping 
nitrogen, the size of Grown-in defect in the wafer can be 

3c reduced to 70 nm or less. Since such a fine crystal 
defect hardly gives a harmful influence on fabrication of 
the device, the silicon single crystal wafer can be 
improved yield and quality of device. 
[0009] Preferably, in the silicon single crystal wafer 

35 produced by processing a silicon single crystal ingot 
grown by Czochralski method with doping nitrogen, the 
silicon single crystal ingot is grown with controlling a 
rate of cooling from 1 150 to 1080 °C to be 2.3 °C/min or 
more. 

40 [0010] As described above, in the silicon single crystal 
wafer produced by processing a silicon single crystal 
ingot grown by CZ method with doping nitrogen, grown- 
in defects present on the wafer is very few due to pres- 
ence of doped nitrogen. When the crystal ingot is grown 

45 with controlling the rate of cooling from 1 1 50 °C to 1 080 
°C at 2.3 °C/min or more, the size of the crystal defects 
can be extremely decreased to have almost no harmful 
influence on fabrication of the device. Furthermore, 
since growth of crystal defects can be suppressed, it is 

so possible to grow crystal at high speed, so that productiv- 
ity can also be improved. 

[0011] In the above case, the nitrogen concentration 
in the above-mentioned silicon single crystal wafer is 
preferably in the range of 0.2 to 5 x 10 15 atoms/cm 3 . 
55 [0012] In order to suppress growth of crystal defect, 
the nitrogen concentration is preferably 1 x 10 10 
atoms/cm 3 or more. In order not to prevent crystalliza- 
tion of single crystal, the nitrogen concentration is pref- 
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erably 5 x 10 15 atoms/cm 3 or less. However, the 
nitrogen concentration in the range of 0.2 to 5 x 10 15 
atoms/cm 3 is the most effective for suppression of 
growth of crystal defects, and therefore growth of crystal 
defects can be sufficiently suppressed when the nitro- 
gen concentration is in the range. 
[001 3] During growth of the silicon single crystal ingot 
by Czochralski method with doping nitrogen, a concen- 
tration of oxygen in the single crystal ingot is preferably 
controlled to be 1.0 x 10 18 atoms/cm 3 (ASTM 79 value) 
or less. When the oxygen concentration is low as above, 
growth of the crystal defects can be further suppressed, 
and formation of oxide precipitates in the surface layer 
can be prevented. 

[0014] A silicon single crystal wafer as described 
above has very few crystal defects on the surface. Par- 
ticularly, since the density of the crystal defects can be 
decreased to 40 number/cm 2 or less, yield can be 
improved significantly in fabrication of the device so that 
productivity of the crystal can be significantly improved. 
[0015] The present invention also provides a method 
for producing a silicon single crystal wafer wherein a sil- 
icon single crystal ingot is grown with doping nitrogen 
and controlling a rate of cooling from 1 150 to 1080°C to 
be 2.3°C/min or more, and is then processed to provide 
a silicon single crystal wafer. 

[001 6] As described above, in CZ method for growing 
a silicon single crystal ingot, growth of crystal defects 
incorporated during growth of crystal can be sup- 
pressed by doping nitrogen. Furthermore, since growth 
of crystal defects can be suppressed by growing crystal 
with controlling a rate of cooling from 1 150 to 1080°C to 
be 2.3°C/min or more, crystal defects become very fine. 
Since growth of the crystal defects can be significantly 
suppressed, crystal can be grown at high speed, so that 
productivity of the crystal can be significantly improved. 
[0017] The nitrogen concentration doped in the single 
crystal ingot is preferably 0.2 to 5 x 10 15 atoms/cm 3 . 
The concentration of oxygen in the single crystal ingot is 
preferably 1.0 x 10 18 atoms/cm 3 or less. 
[0018] As described above, when cooling is per- 
formed at high speed and the concentration of doped 
nitrogen and the concentration of oxygen are controlled 
to be in the optimum range in production of silicon single 
crystal by CZ method with doping nitrogen, the silicon 
single crystal wafer having high quality and few crystal 
defects can be produced in high productivity. 
[0019] In the silicon single crystal wafer produced by 
processing a silicon single crystal ingot grown by Czo- 
chralski method with doping nitrogen, a size of grown-in 
defects in the silicon single crystal wafer can be 70 nm 
or less, and thus yield and quality of the device can be 
improved. 

[0020] According to a method for producing a silicon 
single crystal wafer of the present invention, a silicon 
single crystal ingot is grown with doping nitrogen and 
with controlling a rate of cooling from 1 150 to 1080°C to 
be 2.3°C/min or more, and is then processed to provide 



a silicon single crystal wafer. Therefore, it is possible to 
suppress growth of the crystal defects in the silicon sin- 
gle crystal produced by CZ method, and to produce the 
silicon single crystal wafer wherein crystal defects 
5 detected in the surface layer of the wafer are very small, 
and the number of crystal defects are very small, easily 
and in high productivity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 

[0021] 

Fig. 1 is a graph showing a relation between a size 
of grown-in defect and the number of defects having 
is the size in the silicon single crystal wafer in which 
nitrogen is doped. 

Fig. 2 is a graph showing a relation between a size 
of grown-in defect and the number of defects having 
the size in the silicon single crystal wafer in which 

20 nitrogen is not doped. 

Fig. 3 is a graph showing a relation between an 
average value of crystal defect density of the silicon 
single crystal wafer sliced from the five silicon sin- 
gle crystal ingots in which nitrogen is doped and a 

25 rate of cooling. 

Fig. 4 is a graph showing the defect density of the 
silicon single crystal wafer obtained from the ingot 
grown with doping nitrogen and with controlling a 
rate of cooling to be 2.3°C/min. 

30 Fig. 5 is a graph showing the defect density of the 
silicon single crystal wafer obtained from the ingot 
grown without doping nitrogen. 

DESCRIPTION OF THE INVENTION AND EMBODI- 
35 MENT 

[0022] The present invention will now be described in 
more detail. However, the invention is not limited 
thereto. 

40 [0023] The inventors have found that the size of crys- 
tal defects significantly depends on a rate of cooling 
crystal from 1 150 to 1 080°C as a crystal producing con- 
dition in addition to doping of nitrogen during growth of 
silicon single crystal by CZ method, and that there can 

45 be obtained a silicon single crystal wafer wherein the 
crystal defects in a device fabricating layer (the surface 
layer of the wafer) are fine enough to cause no matter 
as a result of suppression of growth of crystal defects 
due to aggregation or the like, by controlling the rate of 

so cooling to be high as 2.3°C/min or more, and have 
accomplished the present invention by studying the 
conditions. 

[0024] Namely, it is reported that agglomeration of 
vacancies in the silicon is suppressed when nitrogen is 
55 doped in a silicon single crystal so that density of a crys- 
tal defect is decreased (T Abe and H. Takeno, Mat. Res. 
Soc. Symp. Proc. Vol. 262, 3, 1992). It is considered 
that the effect can be achieved with a result that 
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vacancy agglomeration process is transited from 
homogenous nuclei formation to heterogeneous nuclei 
formation. Accordingly, the silicon single crystal having 
very small crystal defect can be obtained by growing a 
silicon single crystal by CZ method with doping nitro- 
gen, and thus the silicon single crystai wafer having 
very small crystal defect can be obtained by processing 
it. According to the method, it is not always necessary to 
decrease growth rate of crystal, not as in the conven- 
tional method, and thus a silicon singie crystai wafer 
having low defects density can be produced in high pro- 
ductivity. 

[0025] Furthermore, the size of crystal defects signifi- 
cantly depends on time of passing in aggregation tem- 
perature range of vacancies. It is known that the 
aggregation temperature range of vacancies is 1 150 to 
1080 °C, and thus it can be predicted that the size of 
crystal defects can be decreased by shortening the time 
of passing in the temperature range when the crystal is 
grown. Accordingly, in the present invention, the crystal 
is grown with controlling a rate of cooling from 1 150°C 
to 1080°C, which is the range of aggregation tempera- 
ture, to be 2.3°C/min or more, preferably 3.5°C/min or 
more. It is thereby possible to shortening time of pass- 
ing in an aggregation temperature range, so that the 
size of crystal defects can be decreased to be fine so as 
to cause no matter in fabrication of a device. 
[0026] The reason why growth of crystal defect gener- 
ated in silicon can be suppressed by doping nitrogen in 
silicon single crystal is, as described above, considered 
to be that vacancy agglomeration process is transited 
from homogenous nuclei formation to heterogeneous 
nuclei formation. 

[0027] Accordingly, the concentration of doped nitro- 
gen is preferably 1 x 10 10 atoms/cm 3 or more, at which 
heterogeneous nuclei formation can be caused suffi- 
ciently. When it is more than 5 x 10 15 atoms/cm 3 , which 
is solid solubility of nitrogen in silicon single crystal, 
crystallization of single crystal is inhibited. Therefore, it 
is preferably not more than the concentration. 
[0028] Furthermore, the inventors of the present 
invention have further studied the concentration of nitro- 
gen, and found that the most effective nitrogen concen- 
tration is in the range of 0.2 to 5.0 x 10 15 atoms/cm 3 . 
When the concentration of doped nitrogen is relatively 
high as the above range, the highest effect of suppress- 
ing formation of crystal defects by doping nitrogen can 
be achieved, and formation of large crystal defect which 
may cause problem can be prevented almost com- 
pletely. 

[0029] On the other hand, it is known that a nitrogen 
atom in a silicon single crystal accelerates oxygen pre- 
cipitation during the growth of the crystal (for example, 
in F Shimura and R. S. Hockett, Appl. Phys. Lett. 48, 
224, 1986). Accordingly, when the single crystal having 
general concentration at oxygen (1 x 10 18 atoms/cm 3 or 
more) is used, it may form oxide precipitate which is 
harmful to the device forming layer existing near the sur- 
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face of the processed wafer. Accordingly, the inventors 
of the present invention solved the problem by doping 
nitrogen in CZ silicon single crystal having a concentra- 
tion of oxygen of 1.0 x 10 18 atoms/cm 3 (ASTM79) or 

5 less which is lower than general value. 

[0030] In the conventional CZ silicon single crystal 
having low concentration of oxygen as above, there may 
be a problem that the strength of the crystal is lowered. 
However, since nitrogen is doped in the single crystal 

10 according to the present invention at a concentration, 
for example, of 0.2 to 5 x 10 15 atoms/cm 3 , sufficient 
strength of the crystal can be obtained due to presence 
of nitrogen, as previously indicated (for example, 
K.Sumino, I.Yonenaga. and M. Imai, J. Appl. Phys. 54, 

15 5016, 1983). 

[0031] In the present invention, a silicon single crystal 
ingot in which nitrogen is doped can be grown by CZ 
method according to the known method such as dis- 
closed in, for example, Japanese Patent Application 

2c Laid-open (kokai) No 60-251 1 90. 

[0032] Namely, in CZ method comprising contacting a 
seed crystal with a melt of polycrystalline silicon raw 
material contained in a quartz crucible, pulling it with 
rotating to grow a silicon single crystal ingot having an 

25 intended diameter, nitrogen can be doped in a silicon 
single crystal by placing nitride previously in the quartz 
crucible, adding nitride into the silicon melt, or by using 
an atmosphere gas containing nitrogen. A doping 
amount in the crystal can be controlled by controlling an 

3c amount of nitride, concentration or time of introduction 
of nitrogen gas. For example, nitrogen concentration 
can be easily controlled in the above-mentioned range 
of 0.2 to 5.0 x 10 1 5 atoms/cm 3 . 
[0033] As described above, growth of crystal defect 

35 introduced during growth of crystal can be suppressed 
by doping nitrogen while a single crystal ingot is grown 
by CZ method. Furthermore, it is not necessary to 
reduce a growth rate of crystal to, for example, 0.4 
mm/min or less for suppression of formation of crystal 

40 defect, and therefore the productivity of crystal can be 
improved significantly. 

[0034] As described above, it is important to grow the 
crystal at a high rate of cooling from 1 150 to 1080°C as 
2.3°C/min or more. In order to actually fulfil such a con- 

45 dition, there can be provided an apparatus for cooling 
the crystal in any rate of cooling from 1 150 °C to 1080 
°C in a chamber of an apparatus for producing a silicon 
single crystal by CZ method. Such an apparatus may be 
an apparatus which cools crystal by spraying a cooling 

50 gas thereto, or a water cooled ring which is provided so 
as to surround a crystal at a predetermined position 
above the melt. In this case, the cooling rate can be con- 
trolled in a desired range by controlling the pulling rate 
of the crystal. 

55 [0035] As described above, it is preferable that oxygen 
concentration in the single crystal ingot is 1.0 x 10 18 
atoms/cm 3 or less, when the silicon single crystal ingot 
is grown by CZ method with doping nitrogen. 
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[0036] Oxygen concentration can be lowered so as to 
fall in the above range by a conventional method, when 
a silicon single crystal ingot is grown. For example, oxy- 
gen concentration can be easily controlled to fall in the 
above mentioned range by reducing the number of rota- 5 
tion of a crucible, increasing gas volume of flowing, low- 
ering an atmosphere pressure, controlling temperature 
distribution and convection of a silicon melt or the like. 
[0037] The silicon single crystal ingot wherein nitro- 
gen is doped in a desirable concentration, oxygen is 1c 
contained in a desirable concentration and crystal is 
grown at desirable rate of cooling in CZ method can be 
thus obtained. After it is sliced with a slicing apparatus 
such as an inner diameter blade slicer, a wire saw or the 
like, it is subjected to processes such as chamfering, is 
lapping, etching, polishing or the like to be a silicon sin- 
gle crystal wafer. Of course, such processes are merely 
examples, and other processes such as cleaning or the 
like can be conducted, and process can be changed 
appropriately depending on the purpose, namely, order 20 
of processes can be changed, and some processes can 
be omitted. 

[0038] As mentioned above, there is produced the sil- 
icon single crystal wafer of the present invention which 
was obtained by processing the silicon single crystal 25 
ingot grown by Czochralski method with doping nitrogen 
and with controlling a rate of cooling from 1150 to 
1080°C to be 2.3°C/min or more. 
[0039] In such a silicon single crystal wafer, crystal 
defects in the surface layer are very few, particularly 40 30 
number/cm 2 or less. Especially, it is possible to almost 
completely eliminate surface crystal defects which may 
cause a problem in a device process, so that yield of the 
device can be significantly improved. 

35 

[Examples] 

[0040] The following examples and comparative 
examples are being submitted to further explain the 
present invention. These examples are not intended to 4c 
limit the scope of the present invention. 

(Example, Comparative Example) 

[0041] In accordance with CZ method, 40 kg of poly- 45 
crystalline material of silicon was charged into a quartz 
crucible having a diameter of 18 inches, six single crys- 
tal ingots of silicon having a diameter of 6 inches P con- 
ductive type and orientation (100) were pulled, at a 
pulling rate of 1 .2 mm/min as usual value, so 
[0042] Five of them were pulled while silicon wafer 
having silicon nitride film is previously charged into the 
silicon melt so that nitrogen concentration in the crystal 
of 0.2 to 5.0 x 10 15 atom/cm 3 can be achieved. The 
number of rotation of the crucible was controlled so that 55 
the low concentration of oxygen in the single crystal of 
0.8 to 1.0 x 10 18 atoms/cm 3 can be achieved. Each of 
the single crystal ingot was pulled with controlling a rate 



of cooling from 1 1 50 to 1 080°C through use of a cooling 
apparatus provided in a chamber of a CZ method silicon 
single crystal growing apparatus to be 1 .2, 1 .6, 2.3, 3.0, 
3.5°C/min. 

[0043] Another crystal ingot was pulled without doping 
nitrogen in accordance with a conventional method. The 
crystal ingot was pulled with controlling a rate of cooling 
from 1150 to 1080°C to be 2.3°C/min. The concentra- 
tion of oxygen in the single crystal was controlled to be 
0.8 x 10 1 8 atoms/cm 3 

[0044] The wafers were sliced with a wire saw from 
the single crystal ingot thus obtained, and subjected to 
chamfering, lapping, etching, and mirror polishing. 
Then, silicon single crystal mirror polished wafer having 
a diameter of 6 inches were produced in almost the 
same condition except that nitrogen is doped or not, the 
cooling rate and the concentration of oxygen. 
[0045] Measurement and comparison were performed 
through use of LST (Laser Scattering Tomography) as 
for the size of grown-in defect in the two resulting wafers 
one of which has the doped nitrogen concentration of 
0.2 to 5.0 x 1 o 15 atoms/cm 3 and the other has no doped 
nitrogen, and both of which were produced with a rate of 
cooling of 2.3°C/min. The results were shown in Fig. 1 
and Fig.2. As shown in Fig. 1 and Fig.2, among the 
resulting wafers obtained from the crystals having the 
same oxygen concentration of 0.8 x 10 18 atoms/cm 3 , 
each of which was produced at a relatively high cooling 
rate as 2.3°C/min, a size of a grown-in defect on the 
wafer obtained from the crystal without doping of nitro- 
gen was about 140 nm (Fig.2), while a size of a grown- 
in defect on the wafer obtained from the crystal with 
doped nitrogen was about 60 nm (Fig.1). It is apparent 
that the latter is less than half of the former as a result of 
suppression of growth of defects. 
[0046] The silicon single crystal wafer thus obtained 
was subjected to Secco etching, pit density was meas- 
ured by observing the surface thereof with a microscope 
to determine a density of crystal defects (grown-in 
defects). The measurement was performed at a center 
portion, at a distance of a half of radius from the center, 
and at a peripheral portion of the wafers which were 
sliced from each of the single crystal ingots at a position 
of 10 , 20, 30, 40 , 50 or 60 cm from the shoulder part 
thereof. 

[0047] The results were shown in Fig. 3 to Fig. 5. Fig. 3 
is a graph showing a relation between an average value 
of crystal defect density of the silicon single crystal 
wafer sliced from the five silicon single crystal ingots in 
which nitrogen is doped and a rate of cooling. Fig. 4 is a 
graph showing the defect density of the silicon single 
crystal wafer obtained from the ingot grown with doping 
nitrogen and with controlling a rate of cooling to be 
2.3°C/min. Fig. 5 is a graph showing the defect density 
of the silicon single crystal wafer obtained from the con- 
ventional ingot grown without doping nitrogen. In each 
of the figures, square plots represent the data at the 
center of the wafer, circle plots represent the data at a 
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distance of half of radius from the center of the wafer, tri- 
angle plots represent the data at peripheral part of the 
wafer. 

[0048] As shown in Fig. 3, as the cooling rate 
increases, the density of defect decreases. Therefore, it 5 
is apparent that the preferable cooling rate is 2.3°C/min 
or more, especially, 3.5°C/min or more. The reason for 
this can be considered that aggregation of the defect is 
suppressed at such a high cooling rate, and thus a size 
thereof decrease to be fine. ic 
[0049] As shown in Fig. 4, in production of the silicon 
single crystal wafer of the present invention, the pulling 
rate was 1 .0 mm/min or more which was the same as or 
higher than that in a conventional method, nevertheless, 
the density of the crystal defects of all of the wafers is 
sliced from the same crystal ingot was extremely 
decreased all over the wafer, to almost zero, in compar- 
ison with the wafer obtained by the conventional 
method. Namely, according to the present invention, 
there can be surely provided a silicon single crystal 20 
wafer having a density of crystal defects of 40 
number/cm 2 or less on the surface of the wafer. 
[0050] As shown in Fig. 5, in the conventional silicon 
single crystal wafer, the density of the crystal defects 
tends to be higher in the wafer sliced from the farther 25 
part from the shoulder portion of the single crystal ingot. 
Particularly, the density of the crystal defects is 600 
number/cm 2 or more in the wafer sliced from the ingot at 
20 cm far from the shoulder portion of the single crystal 
ingot. 30 
[0051] The present invention is not limited to the 
above-described embodiment. The above-described 
embodiment is a mere example, and those having the 
substantially same structure as that described in the 
appended claims and providing the similar action and 35 
effects are included in the scope of the present inven- 
tion. 

[0052] For example, the method of the present inven- 
tion can be applied not only for a Czochralskj method 
but also for any type of MCZ method (Magnetic field 4C 
applied Czochralski crystal growth method) in which 
magnetic field is applied when the silicon single crystal 
is pulled. Namely, the term "a Czochralski method" 
includes not only general Czochralski method but also 
MCZ method. 45 

Claims 

1 . A silicon single crystal wafer produced by process- 
ing a silicon single crystal ingot grown by Czochral- sc 
ski method with doping nitrogen, characterized in 
that a size of grown-in defects in the silicon single 
crystal wafer is 70 nm or less. 

2. A silicon single crystal wafer produced by process- 55 
ing a silicon single crystal ingot grown by Czochral- 
ski method with doping nitrogen, characterized in 
that the silicon single crystal ingot is grown with 



controlling a rate of cooling from 1 150 to 1080 °C to 
be 2.3 °C/min or more. 

3. The silicon single crystal wafer according to Claim 1 
or 2 characterized in that the nitrogen concentration 
in said silicon single crystal wafer is in the range of 
0.2 to 5 a 10 15 atoms/cm 3 . 

4. The silicon single crystal wafer according to any 
one of Claims 1 to 3 characterized in that oxygen 
concentration in the single crystal wafer is 1.0 a 
10 18 atoms/cm 3 or less. 

5. The silicon single crystal wafer according to any 
one of Claims 1 to 4 characterized in that the den- 
sity of the crystal defects on the surface of the wafer 
is 40 number/cm 3 or less. 

6. A method for producing a silicon single crystal 
wafer characterized in that a silicon single crystal 
ingot is grown with doping nitrogen and controlling 
a rate of cooling from 1150 to 1080°C to be 
2.3 G C/min or more, and is then processed to pro- 
vide a silicon single crystal wafer. 

7. The method for producing a silicon single crystal 
wafer according to Claim 6 characterized in that the 
nitrogen concentration doped in the single crystal 
ingot is 0.2 to 5 x 10 15 atoms/cm 3 , when growing 
silicon single crystal ingot by Czochralski method 
with doping nitrogen. 

8. The method for producing a silicon single crystal 
wafer according to Claim 6 or 7 characterized in 
that oxygen concentration in the single crystal ingot 
is 1.0 x 10 18 atoms/cm 3 or less, when growing sili- 
con single crystal ingot by Czochralski method with 
doping nitrogen. 
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FIG. 3 
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FIG. 4 
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